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摘要 
随着“绿色、环保、安全”的消费理念和模式深入人心，天然产物及其天然活
性成分的提取与应用成为日化产品的重点研发方向之一。无患子是一种落叶大乔
木，主要分布于我国东部、西南及淮河流域以南的地区。无患子皂苷是无患子果
实的主要活性成分之一，以齐墩果酸型三萜类皂苷为主，可作为一种天然的非离
子型表面活性剂，古时称其为洗手果。无患子果具有杀菌、抗菌、消炎等生物活
性，在生物医药领域具有广阔的应用前景；同时无患子皂苷具有优良的发泡性能
和较强的去污能力，可用作天然洗涤剂等高级日化原料。无患子皂苷以结构复杂
的混合物形式存在，所以其提纯分离、含量测定、结构解析成为研究难点之一；
同时，由于国内现有工艺的局限，无患子皂苷的应用仍处于实验研究阶段，尚未
大规模生产，导致极大的资源浪费。 
采用水提、醇提等传统工艺可提取无患子皂苷，但是黄酮、蛋白质、多糖、
多酚等杂质也会随之溶出，给无患子皂苷的分离纯化造成困难，也极大影响产品
的色泽、纯度，导致产品附加值低。因此迫切需要针对传统提取工艺操作复杂、
纯度低等实际问题，研究出一种绿色环保、操作简单的新方法，制备出高纯度的
无患子皂苷作为生产中的质控品。 
本研究以无患子果为原料，优化大孔吸附树脂和泡沫分离法联用，建立紫外
分光光度快速检测无患子皂苷的含量，借助紫外可见吸收光谱（UV-Vis）、傅立
叶变换红外光谱（FT-IR）、高效液相色谱（HPLC）及质谱（MS）分析高纯度无
患子皂苷质控品组分，结果表明： 
（1）D101 大孔吸附树脂静态实验中吸附率和解吸率在六种树脂（AB-8、
D101、ADS-21、S-8、H103、NKA-Ⅱ）中最高；树脂柱动态吸附分离时，D101
大孔吸附树脂饱和吸附量高达 481.57 mg，洗脱率高且纯度达 31.51%，得出 D101
大孔吸附树脂对无患子皂苷的分离效果好； 
（2）泡沫分离法纯化无患子皂苷的最佳条件：称取一定量树脂分离后的无
患子皂苷粉末，配成浓度为 0.03 mg·mL-1，进样 100 mL，气速 4 min·L-1，分三
次进料，直至每次无泡产生后进料，收率 19.68%，富集比 1.96，纯度 92.92%； 
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（3）本实验建立了一种快速、简单的无患子皂苷含量的测定方法。选用自
制无患子皂苷质控品作对照品，加入 0.3 mL 5%香草醛-冰醋酸和 0.7 mL 高氯酸
剂，70 °C 加热 15 min，冰水浴冷却 3 min 后加 5 mL 冰醋酸，摇匀，于 480 nm
测定吸光度。该方法稳定性、重现性好，结果准确且方便快捷，为无患子工艺研
究的质量控制提供了实验依据；以无患子皂苷质控品作对照品，加入 0.3 mL 5%
香草醛-冰醋酸和 0.7 mL 高氯酸剂，70 °C 加热 15 min，冰水浴冷却 3 min 后加 5 
mL 冰醋酸，摇匀，于 480 nm 测定吸光度。该方法稳定性、重现性好，结果准
确且方便快捷，为无患子工艺研究的质量控制提供了实验依据； 
（4）大孔吸附树脂和泡沫分离法联用制备无患子皂苷质控品，通过各种图
谱结构表征，包括 FT-IR、HPLC 和 HPLC-MS 推断无患子皂苷质控品主要成分
为三萜类皂苷，如下：Sapindosides B（分子量 882）、Mukurozi-saponin E1（分子
量 924）和 Mukurozi-saponin G（分子量 966）； 
（5）鉴于目前无患子皂苷脱色难题，实验考察了大孔吸附树脂脱色、H2O2
氧化脱色这两种方法。结果表明，大孔吸附树脂脱色后的产品纯度高、颜色浅，
但该工艺操作复杂，损失率大且成本高，不适合工业化大规模脱色；H2O2 是一
种理想的无患子皂苷脱色剂，加入少量低浓度的 H2O2，就可以达到很好的脱色
效果。优化 H2O2 氧化脱色工艺，得出最佳脱色工艺：无患子粗提液中加入 5 mL 
30% H2O2 置于 70 °C 水浴中加热 1.0 h，脱色后产品颜色由深褐色变为浅黄色，
进行 UV-Vis 和 IR 表征，发现皂苷脱色效果好且结构没有破坏，不影响其表面活
性，适宜工业化大规模脱色。 
 
关键词：大孔吸附树脂；泡沫分离法；无患子皂苷；天然表面活性剂；脱色 
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Abstract 
Sapindus is a deciduous tree and mainly distributes in the eastern China, southwest 
and the the south of Huaihe River. Sapindus saponins is a triterpenoid saponin having 
an oleanolin-based saponin, which is one of the main active ingredients of the 
sapindus fruit. It is a natural non-ionic surfactant, ancient known as handwahing. 
Sapinus fruit with antibacterial, anti-inflammatory and other biological activity, is 
widely used in the field of biomedicine. Because it has excellent foaming 
performance and strong decontamination capacity, can be used as natural cosmetics 
raw materials. With the economic development, people pay more attention to the 
development of natural environmental protection products. At present, our natural 
product extraction and separation research has made a breakthrough. Since sapindus 
saponins is present in the form of a complex mixture, it is one of the difficult 
problems in its purification, content determination, and structural analysis. At the 
same time, due to the limitations of the existing technology, the application of 
sapindus saponins is still in the theoretical research stage. This has led to a more 
waste of resources without industrial applications.  
Currently the industry had used traditional processes such as water extraction, 
alcohol extraction, etc. to extract sapindus saponins. However, there are still existing 
problems with these processes, such as flavonoids, proteins, sugar, polyphenols and 
other impurities are extracted, leading to its separation and purification becomes 
difficult. While the traditional extraction process affects the purity and color of the 
product, making it very low added value. Therefore a greener and more economical 
production process needs to be developed, which is aimed at the low purity and other 
practical problems in the traditional extraction process. High purity sapindus saponins 
can be used as a standard for quality control.  
In this thesis, sapindus saponins were prepared by using macroporous resin and 
foam separation, meantime its content were measured by UV-Vis. The chemical 
components of sapindus saponins are analyzed by UV-Vis、FT-IR、HPLC and MS.
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    (1) The results demonstrate that, the adsorption rate and desorption rate of D101 
macroporous resin were the highest among the six resins (AB-8, D101, ADS-21, S-8, 
H103, NKA-Ⅱ) under static test; When the resin column was dynamically adsorbed 
and separated, the saturated adsorption capacity of D101 macroporous resin was 
481.57 mg and the purity was 31.51%. Therefore, it was concluded that the D101 
macroporous resin had good separation effect on sapindus saponins; 
(2) The best conditions for the purification of sapindus saponins by foam 
separation were as follows: weighed its powder after separation of the resin and 
prepared 100 mL solution with 0.03 mg·mL-1 until no bubble was generated. Three 
times the feed, and control the gas speed of 4 min·L-1. The best separation 
performance, yield of sapindus saponins for quality control of 19.68%, enrichment 
ratio of 1.96 and purity of 92.92%, is obtained at the foam separation; 
(3) In this thesis, a rapid and simple method for the determination of sapindus 
saponins was established. We selected 0.3 mL of 5% vanillin-glacial acetic acid and 
0.7 mL perchloric acid, heated at 70 °C for 15 min, ice-water bath for 3 min and then 
add 5 mL of glacial acetic acid , Shake, measured at 480 nm. This method has the 
advantages of stability and good reproducibility, and the detection result is accurate, 
the operation is convenient and quick, which provides the basis for the quality control 
of the sapindus saponins; 
(4) The sapindus saponins for quality control were prepared with two-step 
preparation by macroporous resin and foam separation. The components of it were 
mainly triterpenoid saponins systematically investigated by characterization 
techniques such as FT-IR, HPLC and HPLC-MS. The components were as follows: 
Sapindosides B (molecular 882), Mukurozi-saponin E1 (molecular 924) and 
Mukurozi-saponin G (molecular 966);  
(5) In view of the current problem of sapindus saponins decolorization , the two 
methods including macroporous resin and of H2O2 were investigated. The results 
show that the product has high purity and light color after decolorization of 
macroporous resin. The process is complicated and costly, and because of the high 
loss rate of sapindus saponins isn’t suitable for industrialized large-scale 
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decolorization. H2O2 is an ideal bleaching agent. Sapindus saponins solution by 
adding low concentrations of H2O2 can have a good decolorization effect. The best 
conditions for decolorization process were as follows: add 5 mL 30% H2O2 at 70 °C 
for 1.0 h, color of product is light yellow after decolorization. UV-Vis and IR 
characterization showed that H2O2 had a very good decolorizing effect and the 
sapindoside structure was not destroyed. Besides, the surface activity is basically not 
affected after decolorization. Therefore, H2O2 method is suitable for industrial 
large-scale decolorization. 
 
Key Words：macroporous adsorption resin; foam separation; Sapindus Saponins; 
natural surfactants; decolorization
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1
第一章 文献综述 
1.1 无患子概述 
无患子皂苷是一种天然的非离子型表面活性剂，广泛存在于无患子果皮中
[1]。具有杀菌、抗菌和消炎功效[2, 3]，及优良的发泡性能和较强的去污能力，所
以具有广阔地应用前景。其结构复杂[4]，所以其分离纯化、结构解析及含量检测
成为具有实际应用价值的研究课题之一。 
1.1.1 无患子简介 
无患子（Sapindus mukorossi Gaertn）为一种落叶大乔木，与荔枝龙眼同属无
患子科[5]。树冠呈广卵型或扁球形，花期一般在 5-7 月，果成熟期在 10-11 月[6] ，
呈黄色或橙黄色。无患子四川叫油患子，海南称苦患树，台湾又名黄目子，亦称
菩提子、肥皂树或洗手果。古时相传无患子制成木棒可驱魔杀鬼，故名无患。无
患子果皮含有丰富的皂苷极易产生泡沫[7-9]，Sapindus 是 soap indicus 的缩写[2]，
意为“印度的肥皂”。 
 
   
图 1-1 无患子全株（左）及果皮（右） 
Figure 1-1 All the strains (left) and peel (right) of Sapindus mukorossi Gaertn 
 
无患子主要分布在日本、朝鲜、东南亚各国和印度等地，我国东部、西南及
淮河流域以南的地区[10]和台湾地区也广泛栽培。无患子的根系发达，抗风性强，
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耐干不耐湿，因此在丘陵、低山和石灰岩山地较常见[11]。无患子具有喜光耐阴、
生长快、寿命长的特点，因其树形优美和抗虫抗害能力强而成为绿化造林和园林
观赏的首选树种[12]。 
1.1.2 无患子化学成分介绍 
目前，通过科技手段研究表明无患子果皮、种子、根及叶均含有丰富的化学
成分[13, 14]，主要含有无患子皂苷[15, 16]、脂肪油[17]、蛋白质、黄酮[18]、多糖[19]及
铁、镁、钙、铝等 19 种微量元素。 
1.1.2.1 黄酮类化合物 
天然黄酮类化合物多以苷类形式存在，其基本母核为 2-苯基色原酮[20]，一
般分为黄酮、异黄酮、2-氢黄酮、花青素等[21]，结构如图 1-2 所示。通常，具有
共轭体系的黄酮及其苷类显灰黄至黄色[22]，而不具有共轭体系的二氢黄酮、异
黄酮类等则不显色[23]。花色素及其苷元颜色随 pH 变化，pH<7 呈红色，pH>8.5
呈紫色，pH 在 7-8.5 间则呈蓝色[24]。 
 
 
图 1- 2 黄酮类化合物[21] 
Figure 1-2 The compounds of flavones 
1.1.2.2 多酚类化合物 
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